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Report No.  710/250 
flatertown Arsenal January 26,  1938 

JCRRSLATIC:: OF SALLISTIC PROPERTIES oy LISHT A?J.:CR PLATE 

Purpose 

[ The purpose of ttls Investigation is to correlate 

1 existing ballistic properties of light armor plate  In 

! reply to a request from the Ordnance Office, as of 

> 0.0.  400.114/15794 ülsc,  dated llay 14,  1937. 

Introduction 

A copy of the specific requests in the above 

letter is given below: 

(a) Should we continue to use face hardened 
plate in all thicknesses? 

ly 

L.. 

(To) Should the ballistic limit for face 
hardened plate be raised, and if so, v*. 

' how much? ^ 

(c) Should we continue to offer a bonus for ;!-v 
face hardened plate? 

(d)  (1).  Should the ductility test be made 
J more severe,  for example, by requiring | 

the testing of all plates with 37 VK. 
shot as is now done for heavier plates? 

(2).  Considering difficultl38 of manufac- 
ture, relative cost, and greater facility 
of war procurement,  would it not be 
desirable to obtain homogeneous plate. 
If so,  should this be done for all thick- 
nesses of plate or only for plates above 
a certain thickness?  (This question 

: I ■"■'    ■ •   V~ '  ■ ■ 
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predicated on the results obtained !";.'."* 
at Aberdeen, Indicating that as the ^ 
thickness of plate Increases, homo- . ^ 
geneoue plate approaches the face 
hardened plate In resistance and then 
exceeds It.} 

* ■ 

(e) If homogeneous plate "oe used,  could it be J '" 
fastened by welding at the seams?    If so, .>!• 
what reduction in protection at the seams \-/\ 
could be expected? ) 

Conclusions # 

Results are based upon the correlation of ballistic 

data taken from, 

(a) Aberdeen Partial Reports on Test of Thin 
Armor Plate,  Ordnance Program No. 4334 
T.S.T.P.  No.  1922-107,  dated 1922 to date. 

'■••| 

1 
(b) Aberdeen letter reports on teats of exper- ':,■':} 

imental plate submitted by various manu- ;v;| 
facturers,  dated December 9,  1936 to date. • 

4*    Face hardened plate (carburized)  can   be con- -^ 

tinued in all thicknesses.    Reference - Figs. 2 to 8, 

incl. and Tables No.  1 and No.  2. 

D.    The ballistic limit of carburized plate can be 

raised in excess of Tentative Specifications AXS-54K, 

dated April 19,  1937,  as follows (see also Fig.  1): f^ 

is* 4 

i.-V 
■ - n . 

• - " t. 

• -1 
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Proposed Süecification 

Thickness 
(Incher) 3u u« Jt 

Impect Velocities 
Required lllnlmuni 
f.a. * 15 I.e. 

1/4" Tal. .30 A .P. 12922 1900 

5/16« H 2050 

3/e» .u75 n 2200 

7/15" .4^7 it 2350 

1/2 •• .500 N 2500 

9/13" .552 Cal. .50 A. P. n 2025 

5/8« .625 2125 

11/16« .687 2200 

3/4» .75 2300 

7/8« .875 2475 

1" 1.00 2650 

1 1/8« 1.125 2825 

1 1/4« 1.25 2900 

Shock tests  (machine gun and 37 KM.  Impact)  to 

remain same as AXS-54K. 

C. No bonus should be offered for high quality car- 

burlzed plate since high quality carburlzed plate Is more 

easily obtained than homogeneous plate. In the last five 

years, only 26^ of the homogeneous plate tested passed 

-3- 
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specifications, whereas 74^ of carburliea and 77%  of 

the nltrlded plate passed specified limits (Tables Mo. 1 

and 2). 

D.(1) On the basis of the results In Aberdeen 

Report llo,  102, no plate 5/3H thick or less can withstand 

an Impact by a 37 VH,  shot (see Table No. 3). 

(2) In view of the varying ability of different 

manufacturers to produce tjood homogeneous plate, no state- 

ment can be made as to its rapid procurement during emer- 

gency (see Tables No. 4a, b, and c). However, »uen ob- 

tained from those manufacturers who can readily produce 

homogeneous plate. It can be used to as much advantage 

as face hardened plate for thicknesses 5/6' and greater 

(see Fig. 3). 

It should be noted that Fig. 7 repeats the 

results found at Aberdeen, I.e. 'as the thickness of plate 

Increases, homogeneous plate approaches the face hardened 

plate In resistance and then exceeds It'. However, 

Fig. 7 Includes data only from 19P2 to 1932. llore  recent 

data. Figs. 3 and 5, do not follow this trend. 

E. The opinion of this Arsenal on the question of 

welding has been given In Watertown Arsenal letter, 

400.114/5062 as of I.:ay 28, 1937, as noted: 

-4- 
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Procedure 

The armor plate recorded .In the Aberdeen reports was 

separated into homogeneous,   carburlzed, and nitrlded 

groups. 

Each group was tabulated (Tables No. 5a, b,   c) accord- 

ing to manufacturer,  chemical compoeltlon, thickness, 

aaiinunltlon,  specification, ballistic limit, Brinell hard- 

ness, and remarks describing spalling characteristics. 

-5- 

>r 

"It can be stated at thie time that,  If the 

I design will allow a projection of the order of one  inch 

on the rear face of the plate at the seam, a Joint can be 

made in homogeneous plat«?   that will give the same or 

j greater protection than tl;e base plate.    This Joint de- 

sign conteaiplates welding &  strip of soft plate to the 

armor plate In the annealed condition and making the weld 

I in the soft plate after the hardening operation.    While \ 

we are working on the process of trying to develop a 

suitable weld material for welding the heat treated plate, 

| it is very doubtful that we will succeed in securing an 

effective protection of the Joint greattr than 2^% of that 

of the unwelded plate.' 

L 

1 

■:••■'.' 

, •. ■ 

(a) Manufacturer.     Tabulations were made on --^ 

plates manufactured by Carnegie Steel Co., Crucible Steel 

Co.,  Diebold Safe and Lock Co., Henry D-lsston & Sons,   Inc., 

I- 



< , 

Eddystone  Steel Co., Halcomb Steel Co.,  Ludlutn Steel  Co., 

and  natertown Arsenal Experimental, 

(b) Chemical Analysis. Wherever this was fur- 

nished by the manufacturer, his plates rere segretated 

according to their chemical composition. 

(c) Thickness.    These vere subdivided according 

to thickness as follows: 

1/8"    -    .125 included thicknesses from .094 -    .156 

3/16« - .188 

1/4" - .25 

5/16" - .313 

3/8" - .375 

7/16" - .438 

1/2" - .500 

9/16" - .563 

5/8" - .625 

3/4" - .75 

7/8" - .875 

1" - 1.00 

1 1/8"  - 1.125 

1 1/4"  - 1.25 

.157 - .219 

.220 - .281 

.282 - .343 

.344 - .406 

.407 - .469 

.470 - .532 

.533 - .592 

.593 - .687 

.688 - .813 

.814 - .938 

.939 - 1.094 

1.095 - 1.188 

1.189 - 1.313 

l-J 

d 

a 

>?■ 

a 
(d) Ammunition.    Thase thicknesses were subdivided 

according to the caliber of shot;- 
■v-l 

:•. 1 

-6- 



(1) Caliber .30 A.P. 10.922 

(2) Caliber .50 A.P. Lll 

A special table (No. 2) was made covering the 

Impact by 37 12.:. A.P.  solid shot,  1! .39,  virel£ht 1.45 pounds. 

(e) Specification^.    These were redlvlded according 

to the specification under which the ballistic limit was 

determined. 

(1) 150 ft.  range - used from Aug.  10,  1322 to Jan.  29,   1932. 

(2) Spec. No.  31    -    «        H      Jon.  29,  1932 to July 25,   1933. 

(3) AXS-54 Rev. 1 -    "        "      July 25,  1933 to Dec. 17,   1934. 

(4) AXS-54 Rev. 2 -    "        "      Dec.  17,  1934 to June 1,   1936. 

(5) AXS-54 Rev. F,  H, K,  - used from June 1, 1936 to date. 

(f) Ballistic Limit.    The ballistic limit was 

tabulated in foot-seconds. 

(g) Brinell Hardness.    The Brlnell hardness was 

also recorded. 

(h) Remarks.    Spalllng characteristics of the 

plates were determined by a careful study of the photographs 

In the Aberdeen Reports whenever these were furnished. 

The data so obtained were treated in the following 

manner: 

Arithmetic averages ot the ballistic limits and 

Brlnell hardnesses for each grouping of each manufacturer 

were taken.    (Table 6a, b,  c). 

-7- 
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n 
Frcn these arithmetic means,  an optimum aversf;? -"aH 

deternlned by arbitrarily sll^inotln^ all plate (up to  50£ 

of the total r.miber of plates)  whose ballistic Units fell 

irore than 100-foot seconds below the arlthnetlc iiean 

(Tables ca, b, c). 

Fror, this optimum average, the specification aver- 

ages of Gal. .30 and Cal.   .50 Impacts were detcralned by 

the additional elimination of all brittle plate.    However, 

In the case of 37 12:.  plot  (Fl?.   8), ballistic limits of 

brittle plate were used to determine the curve since ell 

plate attacked by 37 MI.  shot showed evidence of brlttleness. 

In this case, the c'eviations of the mean and the 

weiclit of the average war« determined by the usual statistical 

methods.     (Tables 6a, b,  o). 

In addition, the percentage of the total number of 

Individual plates which passed the specifications applying 

to that plate was calculated as well as the per cent brlt- 

tleness.     (TablaBÖa, b, c). 

For the purpose of plotting graphs No«.  P to 8, 

a weighted mean of the specification averages of th* 

ballistic limits including all manufacturers and all 

chemical composition for each thickness and each speci- 

fication,  found in Tables6a,  b, c, was determined and is 

listed In Tables 7a, b,  c. 

These graphs (Figs,  2 to 8) were used In rating 

the ballistic efficiency of carburlzed, homogeneous and 

-8- 
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nltrlded plates,  cs well as in the deterxlnatlon of the 

proposed cpeclflcatlon.   (^raphc 1,   2, 2). 

Tables of ballistic efficiencies of the plute  of 

each manufacturer and of each composition and thickness 

were drawn up (Tables 3a,   b,  c).     These data v/ere  taken 

from Tables 6a,   D,  C. 

From these tables,   brief summaries were uade, 

showing the performance of houo^eneous,  face ha?'dened, 

and nltrlded plate for different periods of time  (Table 2); 

for various thickness (Table 1); and for various manu- 

facturers (Table 4a, b,  c). 

Table 9 was taken directly from the Aberdeen 

Reports and plotted in Qraphs 9 and 10. 

Table 10a, b,  c,  were taken from Aberdeen Report 

No. 12 and plotted in Fig.  No. 11a, b, c. ^ 

Table No. 11 shows the chemical compositions fur- 
f 

nished by various manufacturers and is a resume of infor- 
f' 

matlon contained in Table  5. .•;• 
■;.; 

Results of Investigation I, 

A comparison of ballistic efficiency of homogeneous, ;'/ 

carburized, and nltrlded plate for the last five years 

is given In Teble 1. 

Graphical representation of the proposed specification 

-Q_ 

• •. 
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and the Specification AXS-54-K, K-l,  la shown In Fig.  1. 

Fige.  2, 3, 4,  5,  5,  7,  and 8 repreaent ballietlc 

limits of homogeneous and nltrlded plates under various 

apeclflcatlona,  1922 - 1936. 

Table 3 shows the ballistic results of 37 IIC.   solid 

shot la.pact. 

Table 4 shows a summary of ballistic efficiency of 

homogeneous carburlzed and nitrided plate for various 

periods of time. 

Summaries of ballistic efficiencies of homogeneous, 

carburized, end nitrided plates for various manufacturers 

and periods are shown in Tables 4a,  b, o. 

The performance of each manufacturer's carburlzed 

plate for the last five years shows that Diebold plats -.': 

passes specifications 100^.    However, this plats is only 13 

experimental and not produced commercially. ;>> 

The Disston carburlzed plate passes 76^ and Carnegie 2* 

passes only 42^. 

Within the last year,  Diebold and Disston plate, 

carburlzed, passed specifications 100^, but it is noted 

that plates of these companies were experimental. 

^ In regard to the homogeneous plate, Disston is the 

t only company who has supplied such plate.    In the last 

five years,  only 25,1 of Disston homogeneous plate has 

passed, but In the last year,   75f» of experimental plate 

Tu passed. 

-10- 
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TA5LS 2, 

07 i:...  shell - L39 1.45 lb. 

Manufacturer  Thickness  Spec.  Balllatlc Reinprks 

DISBOLD 1«    1.00 
(Face Hardene d) 

A:<S-64 
-F 

1715 

1 1/8"  1.13    AXS-54 1844      Complete near previous 
penetrations. 

DISSTO" 3/4,l     .75    AXS-Ö4 1485      Slight  spall. 
(HooiOieneous) -K 

1495 " " 

1490     Average 

(Face Hordened) 1/4"     .25 Cracked both faces 
front hole 4.3'' 
rear hole 2.2n 

1/2" 5.GO Large circular cracks 
front hole 5.5" 
rear hole 1.6" 

5/8"  .625 Section broke off 
front when fired at 
on the rear. 
Circular cracks on 
front. 
Long star cracks on 
rear. 
Front hole 6.1" 

1"        1.00 AXS-54 
-H 

1722 

1723 

4" button 

Average 1723 

AXS-54 
-2 

1737 6" button 

1 l/4n 1.25 1840 Partial buttons and 
cracks. 

■»     ■   'v^     r   — 



TASLS 4 (a) 

Summery of Ballistic Efficiency of Honiozeneoua Plate 
for Various Lanufacturers and Perlocg 

:.:anuf-»cturer $ P-a~5S 

29 

,1 Brittle 

46 

Ye are Speq, 

150 

I 

Crucible '22 -  '32 

0 100 •32 -  '33 31 

r 
Dieston 61 10 •22 -  '32 150 , 

63 11 '32 -  '33 31 

1 40 '33 -  '34 Rev. 1 
fc 

1 63 •34 -  ^36 Rev.  2 

75 13 '36 Rev.  F, H,  K 

Sddyetone 0 0 »22 -  »32 150 

76 24 •32 -  »33 31 ^ 

» ; 

■• .*> .■■ .•' •• •.'■'■ ■•!-.■■ ■■''. 
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<  , 

TABLE 4 (b) 

Suanary of Bp.lllsUc Efficiency of Carburlsed Fl&te 
for Various Liauf^cturerg and F^r'oda 

iliinufi cturer * Pass. 

44 

_± Brittle 

33 

Years 

'22 -  '32 

Soec. 

Cameöle 150 

«J 58 '32 -  '33 31 

42 58 '53 -   '34 Rev.  1 

Crucible 35 60 '22 -  '32 150 

Dlebold 

Dleeton 

Kelcomb 

100 

12 

50 

27 

100 

100 

80 

88 

18 

7 

0 

0 

'36 Rev.   F, H,  K 

'22 -   '32 150 

•32 -  '33 31 

»33 -  '34 31 

'34  -   '36 Rev.   2 

•36 Rev.   F, H, K 

•22 -   '32 150 

.'' 

Ü 
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I 
TA3LS 4 (c) 

Sunu..ary of 3aUlstlc Efficiency of Mltrlded Plate 
 for Various l.^nufccturers pnd Periode  

'.% 

u 

::i nufacturer 1 Pass -I Brittle Yeers      Soec. 

Ludlun 67 0 «22 -   '32 150 

) I 

Sddystone 

T/etertown 
Arsenal 

38 

77 

48 '32 -   »33 

•34 -   «36 

31 

Rev.  2 

3 

\ 

1 

g 

6 
4 

ff 
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Watertown Arsenal experimental nltrided plate 

passed specifications 77^. 

This information was based on Tables 4a,  b,   u. 

The ballistic properties of rolled and heat treated 

structural nickel steel are given in Figs. 9 and 10. 

Fig. 11 illustrate a the ballistic properties of 

various compositions drawn at various temperatures. 

DlBCUsslon 

The results of this investigation are based entirely 

on the correlation of ballistic data taken from the 

Aberdeen reports.    It is believed, however,  that more fol 
k\ 

reliable conclusions can be obtained if a correlative 

study of microstructure with ballistic properties is 

made, reference W.A. Report 710/242. 

Due to difficulty in obtaining cooperation from ^J 

armor plate manufacturers, in recent years very few test 

samples have been available for such study. On the 

basis of examinations made at this Arsenal, we are con- 

vinced that a definite correlation between microstructure 

and ballistic properties can be established. However, 

we have been hampered by the fact that all our investi- 

gations have necessarily been confined to samples which        , 

the manufacturers were willing to supply about ten years 

ago. 

-11- 

•V.W.r-V 



i 

It is Interesting to note that while carburlzed 

plate has been steadily improving over the years,   the 

same improvement is not evident for homogeneous plate. 

■>Te believe, however,  that with sufficient cooperation 

between this Arsenal and the manufacturers,  coupled with 

more complete investigation of heat treatment and micro- 

structure, a much superior homogeneous plate could be 

developed.    In view of the fact of greater rapidity of 

manufacture    during emergency, we believe this program 

to be feasible. 

During the period 1922-1932,  the face hardened 

plate,  subjected to Cal.   .30 ammunition,   shows an advan- 

tage up to a thickness of 3/8', beyond which the homo- 

geneous plate is superior.    However,  subjected to Cal.  .50 

ammunition, the face hardened plate shows Itself superior 

up to a thickness of 3/4",   whereupon the homogeneous 

plate regains its advantage  (Figs.  6 and 7). 

A study of the more recent performances shows that 

the trend seems to be for face hardened plate to contin- 

uously increase its advantage.    Thus,  during 1932-1933 

(Figs. 4 and 5},  we note that carburlzed plate subjected 

to Cal.  .30 lapact now retains its superiority up to a 

thickness of 9/16", while under Cal.   .50 Impact the results 

are very ambiguous, 

-12- 
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Falle from 1933 tc date  (Figs.  2 and 3),  the curves 

Indicate that now under Cal.  .30 shot, carburlsed plate 

is superior to homogeneous plate to a point beyond the 

-13- 

^1 

thlckneas recommended for Cal. .30 ammunition test» i.e.        ->J 

.525". Under Cal. .50 impact, the face hardened plate 

exceeds the homogeneous- plate up to 5/8" plate thickness, 

where the curves meet and continue to show identical ^J 
I 

results up to 7/8", beyond which thickness no acceptable 

u 
:»J 
v. 

homogeneous plate has been submitted by manufacturers. 

The line for the proposed specification was drawn 

in approximately 100 foot-seconds less than and parallel 

to the curve of the average performance of the high 

quality carburized plate on the Cal.  .30 graph.    On the 

Cal.  .50 graph,  the proposed line was drawn about 50 

foot-seconds below tlv line representing the carburized ;>: 

line. ^ 

It was noted that the AXS-54 K-l Specifications 

were too lenient in requirements for light plate - up to 

.5",  beyond this thickness,  however,  they are too high. 

(See Fig. 1). 

Fig. 8 represents ballistic limits of 37 101,  impact 

on heavy plate.    The curve is extrapolated to show whet 

performance might be expected for even heavier plate than 

tested to date. 

The ballistic values plotted in Fig. 8 represent 

d 

v. 

■v.« 

J 
/ 



ballistic properties when compared with other strels con- 

taining ftlTMinum, as shown by the de Karre Coefficients 

(Table lie). 

The variation in chemical composition does not appear 

to cause as marked a difference in ballistic limit as does 

the variation heat treatment in the cases studied.  (See 

Figs. 11a, b, c). 

-14- 
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four face hardened plates and only one homogeneous plate. 

All these plates shored various degreeP of buttoning and        ■•/! 

spalllng. 

In reviewing the behavior of other hoxogeneous plates, 

mentioned in the Aberdeen Reports, to 37 HI, attack.   It was 

noted that heat treated homogeneous structural nickel 

steel (l/S" - 1" thick)   shows evidence of brittleness 

when subjected to such an impact. 

In Table 3 is demonstrated the possibility of testing 

light gege plate, 1/4 - 5/8" thick, with 37 Ul. solid shot 

for a ductility test. 

Such plate    was shattered to a marked degree under 

high velocity impact. 

On the basis of recent investigations at Watertown 

Arsenal, under Cal.  .30 impact,  the advantages of nitrided ^ 

Q 

--•. plate disappears in plate thicknesses in excess of 3/8". u , 

Nitrided chrome-moly-vanadium steels have superior [■ 

t;. 

.'.■■/•-■•'.•'    v> •.■"'  -s - 



Summary '.< 

J 

.v 

• ••I'Vv"'-■{'••'     "   ""v ■.•■-.•••■•;        :':•''.   •.'• 

J: 

1.    The perx'ormance  of various manufacturers' 

araor pltte within the last five years are noted belov: 

A. Carburlzed 

(1) Dlebold (experimental) ICO-? pass spec. 

(2) Dlsston 75^      " " 

(3) Carnesle 42^      "        " 

B. Homop'.eneoua :■'.■{ 
, '•} 

(1) Dlsston (only plate  supplied) - 25^ pass  spec. 

C. Nltrlded 

(1) TFatertovm Arsenal  (experimental) - 
77% pass spec. 

2.    Heat treated structural nickel steel has good 

ballistic properties under Cal.  .30 and Cal.  .50 Impact, f.-. 

y-, 
IJ       • but shows brlttleness under machine gun fire and 37 U.'. 

solid shot Impact.    Steel has good ballistic properties. 

3.    IIthin the last five years, the advantage of f.\ 

» face hardened plate under Cal.   .30 Impact disappears In ,, 

plate thickness of .525". 

Under Cal.  .50 impact,  face hardened plate 
1 exceeds homogeneous plate up to 5/8" plate thickness, ^ 

<.[ 
where the curves meet and continue to show identical ^j 

results up to 7/8", beyond which thickness no acceptable ^ 

horao£eneou8 plate has been submitted by manufacturers. Ty. 

-15- :> 
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The advantage of nltrlded plate disappears 

In plate thickness of S/a". 

4. With the exception of the 57 IT., sraph,  aii 

graphs v.ere plotted from data obtained from good quality 

plate  shcwins no evidence of brittlenesa.    All heavy 

plate   iubjected to 37 '£'.,  icpact showed evidence of 

brit.tleness. 

5. llo conclusions could be drawn in regard to the 

relationship of ballistic limit and Brlnell hardness 

values. 

Investigations at Watertown Arsenal have shown 

that although high and low ballistic armor plate may 

occasionally have the same Brlnell hardness,  the cause of 

failure in the poor plate wae due to nonunlformlty of 

micro structure,  euch as presence of carbides at grain 

boundaries,  ferrlte segreeatlons or laminations. 

6. Research at Watertown Arsenal has shown that 

there Is a definite relationship between micro structure 

and ballistic properties of armor plate.    Correct heat 

treatment applied to plate,   thus producing the correct 

structure, is of more Importance in obtaining high bal- 

listic properties than normal variation in chemical 

composition. 

4:: 
V 

.  V] 
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TA3LS 5 (r) - Tnbulttlon of Date frjm Aberdeen P.e.iOrts 

HC* ong^cus 

I hiiaf^cturpr   Tli'-cicnese    Cul. 

CRITCI3LZ 1/4"     .25       30 

2zei 

150 

Cr-Lo 

Cr a  ,90 
I.!o -  .£& 

Llralt Srlnell Remarks 

1784 444 Buttons 

1642 444 . 

1594 402 ■ 

1633 402 Slivers 

1600 364 
• 

1639 351 

31        1664 370 

AXS-54    1153 370 
-1 

6/16" .313  30   150 1620 

1823 

1683 

1846 

1852 

1680 

444 

444 

402 

389 

351 

351 

Slivers £ 

Slivers 
plate 
dished 

Buttons *' 

w * 3/6" .375 30 150        2012 512 Cracks 

[l 1976 

2143 

444 

444 

Buttons    |- 

■            S 

1 1 

2246 

2100 

444 

402 

■ 

1 

'.• 

[•      t •      •      • •       • • •        « >         •       • •        • •       •      • 

1 ■ .   ", **         -' *"', •'    *. ■ 
■   .    .          ,     .-   ,- .'■'.•• •■!•.'.•   ; ■ 

-. •.■ •■•>i%;-'->"  • ••• •••■- 

/ 
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TA3LE 5 (f-l - Cont'd f 

t 

HC! "OaSTISCUS r. 
f. \ 

Thickness Cal,       Soec. Unit Brlnell Remerke 

3/8"   .375 
(Cont'd) 

30           150 2192 

2260 

402 

402 
•r. 

2235 402 ••'. 

2118 351 
>. 

2133 351 V 

2277 351 

2184 351 
», ■ 

2137 444 • * 
•• 

1346 387 

50           150 1389 361 
* 

120 
ft. rang« 

1934 
t 

612 Buttons Vs 
^ 

7/16"   .438 30          150 2224 444 Buttons 

2025 512 Cracks M' 

2039 612 Buttons • 

1/2"     .500 30          150 2662 477 

• 2670 444 

2667 444 •.■■ 

2452 402 

2654 402 

2548 364 

2563 364 



1 

"• 

TABLE 5 (e)  -  Cont'd 

Hanufccourer    Thickness      Cal.       Spec. 

.^ 

CRUCIELS 1/2"   .500 
(Cont'd) 

50 150 

Limit    3rlnell    Remarks    |" 

1391        444 Buttons 

3/4«   .75 50 150 2246 495 Cracked 1. 

2273 495 a 
:•< 

2225 444 Buttons 

2270 412 i. 
2261 364 1   ■- 

// 

V 
N 

? 
■ l 

h 



13 

1 
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.1 

TABLE 5 (a)  - Cont'd 

Manufacturer    Thickness      Cal.       Spec. 

DISSTON 1/4"    .25        30 150 

Straight 
Carbon 

C = .495-.47 
Una .74-.63 
31= .16 

Limit Brinell Remark g 

1748 418 

1783 418 

1751 418 

1783 387 

1772 387 

1790 418 

1781 418 

1691 477  Cracked 

1628 387  Silvers 

5/16" .313  30 150 1921 

1926 

321 

332 

3/8" .375  30 150 2113 

2106 

2165 

2164 

2196 

2119 

2243 

2303 

302 

302 

364 

351 

364 

255 

351 

351 

• 

f  • 
7/16" .438      30 150 2293        332 ■' 

i""   ' 2296        332 • 
[%'.'i 

r*. * \ •> 
r 
• 

• 

'."•"" • ^ 

•     • •        ••••* »        •        • •        • •        •        •        < 
• 

• 

. •-.•vvlvi •/•!•■'.•■•/-■■-•■•I'l-'-/ '■.''-.''•.•'^ 



^ % TA3LS 5  (a)  - Cont'd 

^ n      .■ • ■ — —      

£ 

i ■• 

f*: 

Manufacturer    Thickness 

DISSTO:: 1/2"  .500 

Ä' 

CalT Spec, Limit Brine11 Re marks *• 

30 150 2553 324 

2590 293 : 

2506 321 "■. 

2453 302 ■ 

2412 302 
^ * 

2442 302 

2529 448 •.- 

2459 340 

2406 418 

50 150 1532 430 Buttons k 

y. 

r-. 
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] 
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TABLS 5 (a)  - Cont'd 

HOI.'OGE::;CUS 

Manufacturer 

DISSTO:: 

Nl-Cr 

C > .41-.40 
Sl-5.39-3.37 
Oral.35-1.30 

Thickness Calt Sp«?c, Limit Brlnell Re nark a  >>• 

1/4 •• .25 30 150 1826 287 >, 

1831 402 
• 

1621 402 _-- 

1839 387 
• 

1795 

1851 

375 

387 

1795 387 I, 
1831 387 " '.- 

5/16" .313 30 150 2067 

2084 

375 

375 

3/8" .375 30 150 2270 387 
1» -■• 

* ■ • • 
2318 387 

2288 376 

2279 

2292 

375 

375 

2296 364 

2301 

2277 

375 

376 
u 
• * * 

50 150 1216 375 • • * 

1357 332 

tv-.. • •.• .• • -',••. ■.        . . •■ -*. •-•"■.••?■■ -• •" ■-'-  • V V V V V '. 
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TA31Z 5 (a) - Cont'd 

Hc::cas:^cus 

Manufacturer      Thickness      Cal.       Spec.     Limit      Brinell    Remarks ' 

DISSTC:: 7/16"  .430      3C 150 2499 430 

2465 460 

1/2"   .500        30 150 

la 

> » 

2710 512 

2845 532 

2796 532 

2845 512 

2847 512 

2845 512 

2837 402 

2831 512 

2508 512 

50 150 1588 512 
■5 

(•: 

■\:\ •:■■ 

. .-.■> .-•. • ^ 

>' ^'y 



# . 
V 

I. 

f . 

.\ 

v. 

TABLE 5 (a) - Cont'd 

H0u05ZrS0U5 

I^&nufecturer 

DIS5T0:: 

in-uo 

C 3 .485-.37 
::i-4.55-4.25 
i:o«1.28-.36 

Thickness Cal. Scec, Limit Brlnell Remarks ■'.'. 

1/4"  .25 30 150 1830 387 ■^ • 

1833 387 * ", 

1828 387 ', • 

1638 587 • • 

1835 387 ■'i 

1831 387 

1851 387 ■-■ 

1842 387 • 

50 150 1099 387 
Ü- 

5/16" .313 30 150 2127 387 [.: 

2134 418 

3/8"  .375 30 150 2316 375 ..'] 

2330 387 

2325 387 
•^ 

2361 

2337 

418 

387 

2328 375 r- 

2339 387 ■ \ 

2337 387 
, • 

__ 

7/16" .438 30 150 2535 387 •v: 

2550 387 

'.:■ 

i 1 

AV 
. •.•.■»■.■   •'.V.',". 
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TABLE 5 (P) - Cont'd 

ranufacturer    Thickness      Cel.      Spec.      Llailt      Brinsll    Remarks 

DI3ST0:: l/2n   .500 20 150 
/:   

I ÜÖO« *ou I   _ 

v 

50 150 

£535 367 

285a 430 

2674 587 

2674 387 

2724 418 

2742 387 

2719 375 

2713 387 

2739 387 

2706 375 

1538 387 

1625 387 

, v..-..-. 

^ 

I '• w. 

Lr 

I -, 

/ 
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TABLE 5 (P! - Cont'd 1 
HC: •CGS^OUS ..V 

Laauff.cturer ThlckneBB 

1/4"      .25 

Csl.    Soec. 

50        150 

Llr.lt 

1756 

Brinell 

540 

Remerks 

Brittle 
cracked 

/ ■ 
DISSTO:: 

1716 364 '.•. 

::i-3i 1734 364 --1 
> 

1756 364 

C a .52-,38 1728 364 •*•* 

Nl=3.09-2.97 
SU1.95-1.76 1542 387 1 

:■■-. 

1714 364 ■ v 

1710 364 
. 

5/1C"     .313 30      150 2071 

2084 

3t'4 

3-5 

1 

3/8"     .375 30      150 2325 

2299 

2253 

2327 

2322 

2356 

2362 

2347 

364 

36' 

376 

375 

351 

364 

375 

375 

W - u 

60    150 1394 387 
v". 
t *       1 

7/16"   .438 30    150        2478 418 

2498 402 

. I ... ,      - -       ' '. ' 
.-••*••■'' ..."      > . .      . -*      • *   ' 4"  - - ••  -   ■       -.-rf'. -.■-*•  '•*-••"•- 'J •-•.■.•■■.■■.••■•.   •.•••. Vn.^v . •.•-.   • ■   • •.-     -«^ V>s>■.■'.• •• •/'•■/'.•.•.•.•■ ■•■;-";.•.••.•'.-"J 
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<■'.•-■ TABLE  5 (a)  - Cont'd 

jrt Manufacturer      Thickness      Cal.      Spec. 

;••> DI5ST0I? 1/2"     .500      50 150 

Ü 

J 
V 
•4 : 
V 

Limit Brlnell    Remerks   " 

2793 444                :• 
t 

2732 387                     :j 

364 2752 

2868 375                           ■] 

2778 375 
i 

2819 430 

2759 375                           J 

2837 430                           '1 

50 150 1649 367 

i 

o  « 

j 

c 

I 
-vrr 

• .v. v.-.■.-.•. 
■ .•••.•■■■.•■-•.•■•-.-.• i   .•.-.■ ,■ • i- .. j 

;• .••.• ■.-■ .-■-.■•.-:• v--; '/-y-yy: ;.■■•■ ■.••>••.-'J 
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TABLE  5 (a) -  Cont'd ;! 

■':':                                                  Horo^^ous J 

Manufacturer      Thickness      Gal.       Spec.      Limit Brlnell Remark B>.-i 

DISSTO::                 1/4"     .25         30           150           1761 340 

1804 387 

?                             Nl-Va                                                                                1800 302 !• 

1829 387 

C « .36-.30 1883 418 
Nl33.20-3.11 I 
Va-l.04-.23 1837 387 

1857 387 

1821    302 

6/16» .313  30    150 

3/8"  .375   30    150 

2142 387 

2112 387 

2343 387 

2346 387 

2291 375 

2371 418 

2350 387 

2364 418 

2359 418 

2350 387 

2192 387 

7/16"  .438  30    150    2403    387 

2410    364 

{ 

-r 

m 
X- 

^••i 



T1BL5 5 (a)  - Cont'd 

HOliOGEirEOUS 

Hanufacturer     Thickness      Cal.      Soec.      LlmU      Brinell    Remarks' "' 

DISSTOM 1/2n     .500       30 150 2743 418 

2666 3G4 

2835 444 

2737 418 

2856 418 

2791 418 

2778 405 

2712 375 

50        150 1651 302 

i'J 

• 

y-4 

'-■1 • 

u 
■ I 

•! 
.'I 



Manufacturer 

DISSTOi: 

lJi-Nl-Va 

C = .35-.30 
IJla  1.0 
N1.3.2-3.1 
Vaa,25 

TASKS 5 (a)  - Cont'd 

Hor.c:arsous 

Thlcknesa      Cal.    Sgep.    Limit    Brinell    Rer.arks 

3/8"   .375 30        150        1986        387 

50 150 1322 

1309 

387 

444 

■■- 

DISSTOIT 

Nl 

3/8"  .375        50 150 1361 387 

C - .40 
Nl* 4.60 

DISSTOIT 
lia-Kl 

C m  .36 
Kn= 1.02 
Nla 3.17 

DI5ST0N 
Mn-Nl-Si 

C * .33-.43 
Mnal.10-1.02 
Nl=3.09-3.04 
Sl^l.63-2.05 

3/8"   .375 50 150 1309 444 

3/8"  .575        50        150        1395        364 

DISSTOIT 
Mn-Mo-Nl 

C  m   .39 
Mn- 1.02 
ILo* .23 
Nl- 3.24 

1/2"  .500        50 150 1651 302 

>..^ 

1/2"   .500 50        150        1660        387 
k 
.L 
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TABLü ^  (ff)  - Cont'd 

H0i:03E!TE0US 

Slanufacturer rhlclcnees      Cal.       Spec, UmU Brlnell RemArts 

DISSTO:: 1/3'  .125        30          31 1003 402 Crasked 

^r-Lo-V* 1029 418 
i 

1048 364 
1 
i 

C a .55-.38 
Cr-1.35-1.00 
LIo-.e6-.56 

986 387 

Va..3 -  .2 
3/16■  .168         30          31 1522 418 j 

1382 - 
1 

1486 418 • 
* 

1539 418 i 
1531 418 

1543 418 ■ 

1498 418 

1526 430 • 

1560 444 • 

1237 401 i 
• 

AXS-64 
-1 

895 

949 401 

! 

< 

j 

1/4"     .281      30          31 1G41 

1755 

1758 

1698 

1543 

1631 

418 

444 

401 

418 

410       I »liver«    ' 



IV 

ff 

TABLE 5 (a) -  Cont'd 

Horoagysoüs 

l^rxufa cturer   Thickness      Cal.       Saec.    Limit    Brlnell    Remarks 

DISSTO" 1/4"   .281        30 31 1545 424        But tone 
(Cont'd) (Cont.) 

Cr-Tlo-Va 0       ;    1874 418 

1815 418 

1716 418 

1827 418 

16S6 418        Slivers 

1748 364 

1809 395 

1889 387 

1772 403 

1738 410 

1640 439 

1841 431 

1715 431 

1861 418 

1710 418 

1787 387 

AXS-64 1293 
-1 

1228 

418 

364 

1262 395 

1258 387 

1340 403 

1279 410 

Slivere 

•;.v-: 
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TA3LE 5 (&1 - Cont'd 

HOLOC-L-rECUS 

LIflnufacturpr    Thickness      Cal.       Spec. 

DISSTOi: 1/4"   .25 30 
(Cont'd) 

Cr-Lo-Vft 

AXS-54 
-1 

(Cont.) 

Limit Brlnell    P.emarlce 

1456 449 

1324 431 

1441 431 

1195 403 

1183 403 

121c 401 

(   9 

AX 3-54 
-2 

1247 

1229 

420 

424 

Slivers 

Spall 

6/16"  .313      30 31 2128 418 

3/8"    .375      30 31 2304 418 

2173 418 

2229 418 

2128 444 

2224 418 

2239 431 

2227 418 

2209 418 

2304 431 

2276 431 

2200 382 

2264 426 

2311 430 

2117 430 

Si, 

.-•   V-V-V 



* 

TABLE 5  (a^ - Cont'd 

rH:cus 

Manufacturer Thickness      Cal, Soec. 

DISSTO:: 3/8H .357        30 
(Cont'd) 

31 
(Cont.) 

Cr-I.:o-Va 

Limit Brinell Remarks 

2297 430 

2095 461   Button o 

2234 437   Spalled 

2178 424      " 

2192 38? 

2270 

2128 444 

2234 437 

2178 424 

AXS-54 
-1 

1738 

1811 

1762 

1800 

382 

403 

416 

461 Buttons 

AXS-54 
.2 

1877 

1854 

437 

424 

Spoiled 

H,\"i 7/ 16»  .438 30 31 2546 416 

2576 416 

§•_ 

[• 

[t 

I*    • • -~tr •    • • •        < »        • • •        t •        •        •         • 

•*.' ■.'■."• 

'    .' '     ■.' 
• .  ■ .     .  • .   ',         -'    ■'    •'.-■.  ■ . 



i 

v.' s 
.1 

(    9 

TA3L5 5 (a)  - Cont'd :-> 

Hoi'OGKiEoas :-> 

| L'anufacturer  Thickness  Cal. Snec.  Limit 3rlnell Renf r^a 

SISSTOr       1/2" .500   30   150   8603   418 

Cr-ko-Va ?630   418 

c3-.o3 
Cr-i!ci-i.i2 a:i 
Ll03.8G-.5C 
Yaa.o0-.25 

25ri6 362 
• 

2527 370 ;•■."; 

2643 

2687 

387 

395 
• 

2700 410 
v 

2651 

2739 

439 

418 
r 
* - 

2726 444 :v 

2744 

2561 

2519 

418 

387 

364 

Silvers 
L. 

2594 

2468 

395 

431 • ■ • 

2665 437 Spall 

2678 

2654 

444 

444 

> 

a 

2703 418 

2707 430 Spall I 
2606 364 

2721 444 •    i 



Ttaj '^anufpcturer    Thlcknese      Ci'l. 

TA3LS  5 (a)  - Cont'd 

DISSTCr 1/2"   .5C0 30 
(Cont'd) 

Cr-Ko-Va 

a 

ü 
v 

Syec,_ Limit Brlnell Remprkp 

AXS-54 
-1 

2470 

2242 

430 

364 

Spall 

2159 352 

2221 370 

2345 387 

2390 395 

2380 410 

2366 499 

2518 418 

2431 444 

2242 395 

2296 410 

2304 410 

2326 460 

AXS-54 
-2 

2451 

2445 

437 

444 

Spalled 

2720 444 

2718 444 
• 

• 

• 

•      • •     •     •     1 

'•: •;• •"•'■•••:-•• ■ •" :••■ 

i     •      •     • 

2718 444 

AXS-54 
-H 

2497 Experimen- 
tal 

AXS-54 
-K 

2609 "xperlnen- 
tal 

•        • • • •       •       •       • 

"• V"J«*" '■-•' •*• •'■ •*■ ' -'■ •"■ 



K' 

e- 

TASLE 5 (a)  - Cont'd .y 

HCIIOC-EITSOUS :•:■ 

.■-• 

Manufacturer Thickness Cal.      Soec. Limit Brlnell Remerke r 
DISSTG:: 1/2»   .500 

(Cont'd) 
50          150 1725 500 Cracks 

Cr-Vo-Va 1860 

1823 

418 

418 

i. - 

* 

31 1956 418 

U12 418 1 

1932 418 ;i- 

AXS-54 1826 470 
1. ^ 

• 
-1 > 

•• 
;>: 

1 
<•■:• 

Y; '. •' 
\'] .'• 
w , *. '-' 
[l 

• 

N L 
• • 

•        • •     •     • 4        •        •        •        • 
^.v 

v:^.">^":. 
.-'; • . • #     l 



tv-. 

@ 

"anufrcturer 

DISSTC:: 

Cr-I.:o-Vfi 

C * .51-,5 
Cr» 1.12-1.05 
J'Oa   ,76-,65 
Vfu» .25 

TABLE 5 («) - Cont'd 

HO::O5E"ZOUS 

Thickness      Cal.      Soeo. Limit 3rlnell ?.emprke 

5/3H   .525        50          150 1395 477" Buttons 

1795 512 Spalled 

1826 512 Spelled 

1742 512 Spalled     '■ 

1807 418' 

1862 418' 

1419 500 Cracked 

50 31 2325 430 

AXS-54    1723 
-H 

1763 
Buttons 

AXS-54    2122 

2117 

Exp. 

1 ■.•'•■ 

rf_ 

v-;:->:;-•• 



/. ̂ It 
TA3L5  5 (a) - Cont'd 

1 üaaufacturer  Thickness  Cal.  Spec. Llult Srlnell Rer.crke p* 

PISSTCÜ      3/4«  ,75   50    31    2245   358'  Cracked  /; 

Cr-I.o-Va 2539   437 

/ 
/ 

i r 

\'f\ 
S. 

C 3 .5-.29 AXS-54      1873 358        Crpcked"    :    , 
: Cr3 1.36-1.12 
■: 10= .71-. 65 

Ve» .25 

-i • ,' a 

-K 2361 

2351 

Exp. 

N 
1 

7/8"   .875 50 AXS-54 
-H 

2500 Exp. 
•         • 

W—J 

1"    1.00 50 31 2568 

2769 

418' 

358 

AXS-54 
-1 

2445 358 
u 

i 
■'.'• ■ 

u 

.% v:v.::-;:-:vv:?  ::;■!..:•: •■ .■:::.::>?'>;:' >: :":•:••: :>:v::::Ä^Ä:::,:"> v-^ 



n 

Ö v 

TABLZ 5  (a)  - Cont'd 

Horcasrscus i 

ir 

"anufr cturer Thickness      Cal,    Soec. Limit Brlnell 
• 

Remarks         * 
\ < 
i 

EDDYSTOI.-E 3/1C"   .Ißa      30        31 1568 387 

Cr-Lo-Va 
1/4"     .25         30        31 1793 430 

4 

* 
Silvers      J 

C  a  .50 
Or- 1.10 
^0- .60 
7a» .25 

1769 

1797 

1818 

418 

418 

418 

Buttons       ^ 

.\ 

a 

1821 418 i 
u 
H 

3/8"     .376         30        31 2368 418 
■ 

*] 

2283 418 Silvers      j 
4 

2285 418 •I 

2296 444 1 

2325 444 ■ 

2296 444 4 

2346 444 Silvers      ] 

2245 444 Spalled      j 
i] 

2264 444 ■          ;| 

1/2"     .500         30        31 2752 418 •1 

EDDYSTOITE 3/16"   .188         30      150 1450 387 
m 

m 
m 

Cr-Va 1457 387 
J 

C « 0.45 
Cra 1.10 
Vaa 0.25 

1/2"     .500         50      150 1556 387" Buttons       J 

y-y. 

m 



i   <NV 

1 

TABLE 5 (b) - Tabtilatloa of Data from Aberdeen Renorta 
'.^ 

üanufacturer 

CAREUHIZ2D 

Thlckneas Cal. Soec. Limit 
Brlnell . 

Front Back 

I- 

Remain§, • 

CARNEGIE 1/4» .26  30 31 2036 556 555 '.■] •' 

2044 556 556 1." 

1964 512 512 Spalled-1 v 
V."« 

AXS-54 
-1 

2027 

2004 

666 

556 

555 

556 

•^ 
i,'-*i 

> 

1964 512 612 Sp&lled; 

3/8" .375 30 160 2481 600 444 H 
31 2188 566 666 Buttons ^ 

2170 656 666 

iXS-54 
-1 

2174 

2170 

666 

566 

666 

666 

Buttons' !- 
k -.■ 
^■.• 

60 160 1572 662 477 Buttons:V- 

1/2" .600 50 150 2200 600 512 Buttons;"/:' 

31          2156 556 556 Spalled - 

2146 556 532          " 

AXS-54      2168 666 555 Spalled ^ 

2146 555 532          ■        : 

■^ 

!.■ ■ 

•".-»• 
•■  A .•■ .•• 

'.    . I 

>V-1 



/ 

I.J-i 

r. 

TABLE  5  (b)  - Cont'd 

CARBÜRIZED 

Hanufacturer   Thiclcnese    Cal.       Spec.    Limit 

CARini&IE 3/4''     .75      50 31 2119 

2109 

2168 

.-•. 

Brinell 
Front    Back    Remarks    T 

565 

532 

512 

555 

532 

512 

AXS-54      1981 555 555 
-1 

2109 532 532 

2057 512 512 

7/8»  .875      50 150 2548 

2589 

1"    1.00        50 150 3489 

250J 

2494 

600       280 

31 2854        532       532 

2839        532      477 

Spalled 

i '.i 

.1 

l>:: Spalled    ^ 

600      280      Spalled    ; 

600      280 ■ tZ 

AXS-54      2854        532       532 
-1 

2661        532       477 
'.'•'., 

■sV 

l_ 

•'•■'• '   •.•'.■•-.•."-■•.■•.■-. .■ .  .-'.■■.'•.. .-•-■.  ..■•.■'."•.•.  .'.. .^ .'■... ■\- ...-.'•.'•.-y-y-.-y-. .•".-■.-"•>I 

v.      ."■ ^ . • . \    ■-■.-•.•■.••.-•.••.•.■      ..«J.«.- •'      ''    ■••■■• .■.-. -^V>%-^%.. •••••.■••■..•••-.•.■••••.-.• -      •.•.•.•..•.■-■.• -^ -• 



V. 

TABIZ 5  Co)  -  Cont 'd 

!>nufacturer 

CARBURIIED 

Thickness      Ce.l.     Spec. Llalt 
BrineU   _ 

Front    3P ck Remarke 

CTJCTHLE: 5/8"   .075        30         150 2330 

S449 

555 

555 

555 

555 

Buttons 

ar-llo-Nl-Sl n 

J>333 

2089 

600 

600 

600 N 

50         150 600 Cracked 

> - 

Cr-IIo-Nl-Sl-      3/8"  .375 
Va-VV 

30 150 2211 555      555 

Jo-Cr-ilo-Sl-      5/8^   .375        30 
va-v; 

150 2165 

2040 

600 

555 

600    Buttons 

555 * K 

50 150        2318        555      555    Shat- 
tered 

Cr-Lo 

C s .50 
Cr » .90 
lio a  .28 

3/4"   .75 50 150 2360 

2137 

2216 

2191 

2104 

2116 

2306 

2293 

£115 

2141 

2201 

2133 

447 

512 

418 

418 

555 

460 

683 

652 

418 

512 

512 

495 

269 

286 

269 

286 

255 

269 

P93 

262 

v.-. 

1" •' 

• > 1 

•vi 
,  ',1 

^.v \«:. II 



TA3L5 5 (b)  - Cont'd 

CARBURI^D 

Brinell 

2221      430      292 

^ V 

4 
^j 

lianufacturer   Thickness    d-.i.       Spec.      Linlt Front Beck    Remarks 

CRUSigiS 3/4"   .75 50 150 Ö2E8 713 255 
(Cont'd) (Cont.) 

Cr-Mo 2042 418 362 

2241 683 293 

2247 600 311 

2340 532 286 

2388 652 277 

2120 496 277 

2293 627 277 1/ 

2264 578 248 ''■'/ 

v 

» 

V- 

u 

•V- 

vv-i 

i 

^ 

.\-A-.\-/.- 

. ■. ••.   . >. ■' .■."■■"•'..'•.'■■• ■•.■".••.-!•.•"".•-"•.•"■.-■•••' ■   ■ .■'•"»■.■■■■.•■•>*• •"•^■-■•V-V-'-v"■"-■-!- 



TA3L^ £   je)  -  Cont'd 

CAR:r~::rD 

DT2?CLD 1/' N or. ZQ     A.N:S-f4 1047 
-F 

roc? 

2092 

Tr '^n r*ir r 

Erperlu.eni 

S/i:«   .310 A\'^-r-4        :CG5      Experlr.ental 
-F 

tVö"     .375      30    AXS-54        2320      Sxperlmentpl 
-F 

2212 

7/10" .43fl oO AXS-54 
-P 

2249 

r556 

2528 

2490 

Punch be^an 

'£xperit:.eiitr.l 

■ 

• 

1/2"    .500      Z0    AXS-64       2693      Experlr.enUl 
-F 

9/lC"   .5C3      30    AXS-M        2687      Experlnental 
-F 

2713 

5/8"     .625      50    AXS-54        2154      Experlnent«! 
-F 

2142 " 

V4"     .75 50    AXS-54        2310      txperluent-a 

'»"»-'' •'•'.■•     ■ .«.■ 



c, 

TASIZ r  (b>  - Cont'd 

l.t ■■r.if'ct^icr      7:.\C'ü:\I>F?      Crl.       Spec,       Llxlt        Rerotirke  

3:Z3GLD 1«    1,00 50       A:(S-D4        2609        Experimental 

I l/e" 1.13      50      AXS-54        2708        Experlu.ental 
-F 

1 l/'i" 1.C5      50      AXS-54      PartlPl    ExpcrlMentrl 
-F at 

2897+ 

* 



o 

TAJiLZ   £• (b)  -  Coiit'ü 

I'nnufrct-jrer    Thickness    Cftl. Spec. 

DT5S7C"               !/£"   .125      20 31 

Cr-Lo-Va 

Cr=1.3G-1.0C 
To-   .ßo-,5o 
VA«  .30-.20 

Licit 
Brlnell 

Front    ?fcic Herr, rite 

1006 321 340 

lOSP 340 340 

1123 387 340 

1240 461 410 

1262 512 403 Silvers 

1443 403 387 Spfill 

1113 555 444 n 

1087 555 447 

1120 403 364 

1095 444 418 Button 

1111 444 416 

1162 387 387 

1045 387 387 

1273 416 416 

1125 418 364 Crack 

3/16"   .138    30    AXS-64       1921 
-H 

Experimen- 
tal 

1/4 30 31 2034 486 402 

1789 469 387 

1905 444 354 

1920 477 364 

1916 444 351 

1792 430 340 



TASLE 5 (t)  - Cont'd 

CAR3URI2ED 

rhlCKnes-?    Cr-l.     S^ec.     Limit 

1/4 ^     .'".'       CO         31           20PA 
(Cont'c)                 (Co.it.) 

2177 

3rl aeU 
Liinufrcturrr Front 

512 

534 

3: c. 

431 

418 

Ofi»'->n T»V c* 

DI 55T0!* 

t 

2227 555 ••32 

2084 512 418 

2006 512 403 

1990 495 403 

2100 600 544 Crocked 

1836 486 437 

2290 600 477 Oreeked 

2162 COO 444 

1645 444 302 

1576 444 364 

1729 477 418 

1661 477 418 

1686 495 413 Slivers 

1586 512 •03 

1698 477 'i  j 

1714 477 403 ollvere 

1697 477 418 

1625 486 413 ; 

1642 4fifl 418 Slivere 

1699 477 413 • 

• 1435 243 212 i 

1463 Ö43 248 
• 

••. •   ^.-■. 

 ■ . ■ '    -      ' ■ ' , 



'.■V". 

TAZIZ £  {I)  - Cont'd 

r"'-^ 

'!»'• 
CA^B" .-TIED 

3rir ell 

1 rsnufpcturer Thick 

1A" .25 

Cfl. Soec. 

cl 

Llr.lt 

147? 

^ront 

211 

Bflck 

129 

oemprke 

[  • 
DISSTG!' 

f  ■ CCont •d) (Coat.) 

fK* 
Cr-:.D-7f. 1400 504 418 

A. 
AX3-54 2034 466 402 

-1 
v . 1709 469 387 

a 1905 444 354 

^ 

1920 

1916 

477 

444 

364 

351 

»• 
1792 430 340 

1645 444 302 

a 
1676 

1729 

444 

477 

364 

418 

•>;! 1626 477 418 
>;.•■ 

1686 495 416 Silvers 

1566 

1698 

1708 

612 

477 

477 

403 

403 

403 Silvers 

• r 
1697 477 418 

1572 486 416 

V. 1586 483 418 Silvers 

• ' 1699 

1C28 

1138 

477 

343 

343 

418 

212 

243 

• 1059 

1255 

311 

504 

129 

415 

•     •     •     • • • __• _•      - • • t        • • •       • 

1 . 



^H ** 
TABLS 5 (b)  - Cont •d 

r lanuf"c*jrer 

!/•;"     .S£      .:       AXS-54 
(Co.-.t'd)                         -2 

L^.lt 

1901 

1983 

Brlnell 
Tiont    rack Reü'.prk 

m 

1 
s   • 

K 

DISaTCr 

Cr-::o-Ve 
• 

-H 2018 Experl 
mental 

i" 

D 50          31 1183 555 437 Spall 
• 

1141 512 413 

1209 486 437 
•■ 

P 
3/8"   .375      30          31 2279 495 364 I 

2224 495 340 

n 2262 312 340 ■ 
b 

Ui 
2320 

2200 

555 

555 

376 

444 1 

r   r 9 2405 

2573 

2317 

578 

614 

495 

381 

495 

359 

.1 
-I 
J 
» 
k 

f 

4» 

j ■ 
2250 504 418 

• 
•• • 

k*; 2482 600 444 • 

%•; 
2215 512 418 ■% 

V, 
2250 444 302 

i 
■ 2355 430 364 

s. , 

2172 495 403 

.1 

•      •     • •      •      • •        •        •        •        • 

2227 

2228 

• 

466 

477 

•        • 

431 

410 

• • • 
l \ •, •.   ■ 



1 

TABL3 *  (r.)   -  Co.it'd 

CARBURTZZD 

^anufpcturer    Thlc/Jiess    C^l.      Spec. 
Brlnell 

Liir.lt      Promt    3pck    Renprke 
l 

J+OO.K.. 

Cr-!.o-Vf{ 

c/S"  .C75 
(Cont'd) (C-ir.t.) 

2-256 477 431      Silvers 

2205 512 444 

2130 477 418 

2543 534 410 

I 

AX3-54 
-1 

2253 495      364 

areic *yo C4U 

■ 

■ 2004 312 340 

[* 1954 444 ^02         >; 

.•, 
1347 430 364 

1794 495 403 

1 1836 486 431                       i. 

• 1858 477 410                       A 

1851 477 431    Silvers £ 

ü <'* 1817 512 444                     t. 

[; 1900 477 418                 ::. 

^.- 2643 534 418                      > 

J • 
i- 

AXS-54 2471 
L. 

Experl-   .'. 

4 

-H mental 

50            31 1766 614 495    Crack       - 

'. 1920 555 361        " 

■;■ 
1833 555 444 /Large 

Ihole 

.i 
1863 495 569    Crpck       p 

, • • 
• ' 

• •     •     •     • ._.. , -.   ...-- .   --•-. .-...- • •        • •        •        • 

'. •.','•.     • ■     •'• ■      • 

•.' .•• '. ■   .■■.'••     •■.  . 



7A3L2 5 (b) - Cout'd 

Lsnuff cturer    Thlckneps    Ol. 

I DT53TC:: 1/2"   .500      30 

h>: Cr-i:o-Vf 

I '■> 

Soec. Limit Front 3ec.-c Remarks  '■ 

150 2555 512 477 Buttons   : 

2622 555 £12 1 
2714 600 512 

2641 578 556 i        y 

2638 555 555 a 

2628 512 477 
f. 

3090 555 512 

2650 555 477 
i 

> 
31 2788 

2603 

2330 

444 418 

2669 492 321 

2625 495 321 

26tJ 

2649 

387 

512 

340 

364 

2897 566 330 
• 

r.'. 

2738 543 397 

2649 512 364 

It 
2897 566 330 

2738 543 397 

2714 533 350 

2929 589 298    Buttons 

i 3007 532 398                         [ 

[/ 2947 500 341 

s 3175 614 461    Spall 

f 3008 600 402        «              : 

L*.' 

• •        •        • • t       •        •        • 

•            '■            '.'           •■.»       ■-••■       •       •                 ■                 •        -       • 
■:>•.•' '\->:v. •.'.•.;•>■ 

■'*-'■     .   ". 



i 

B 

J 

»- 

i 

f: 
i 

TA3LS 5  (b) - Caat'ü 

CARBVRTZSI? 

"ar.uffcturer    Thlc/.neeg    Col.      3iec.      Limit 

pis3?cr 

.•,%! 

j^ec. 
„ Brlnell 

;r-::o-Vy 

1/2"   .500 
Ccnt'd) 

50 31 
(Coat.) 

2817 

3158 

2821 

3076 

2581 

2645 

2161 

2205 

2756 

2779 

2831 

469 

600 

600 

555 

418 

418 

476 

495 

554 

495 

512 

461 

431 

418 

418 

269 

387 

295 

172 

395 

387 

418 

Spall 

AXS-54 
-1 

2675 

2744 

2353 

2366 

2472 

2440 

2273 

2323 

2434 

1846 

1899 

444 

460 

492 

495 

387 

512 

418 

418 

554 

478 

495 

416 

418 

321 

321 

340 

364 

269 

387 

395 

295 

172 

AXS-54 
-2 

2683 

I 

i 

'•v* 
•"v. 

h 

Lr, 

L. 

'••.'.1 

.• 1 



I 
w 
I- 

] 

s 

I- 

} 
t- 
■' 

I 

i « 

'. 
km 

J 
1 

TABLE 5 (b) - Cont« d 

CARBURI 

Soec. Limit 
Brlr ieU 

Remarks 
1 

Manufacturer    Thickness    Cal. Front Back 

DISSTO::            1/2" .500     50 
(Cont'd) 

Cr-Mo-Va 

150 2187 

2260 

600 

555 

512 

o55 

Buttons 

Cracks 
■. • 1 > t  ■ 

1592 555 512 Buttons »   : 

2136 555 417 > 

31 1660 - - 

1823 - - 

2261 600 431 Buttons 

1920 512 302 S livers| ^ 

2140 512 286 

1704 418 418 Buttons '." '•' 

2195 512 418 ■ 
•      W ■ 

2283 555 364 ^1 

1894 460 418 

2291 

2122 

600 

566 

402 

330 

Spall b 
' «. • 1 

2115 544 397 

1891 495 387 
'* ■ 1 

AXS-54 
-1 

1826 

2056 

460 418 •'•yi 

i 
1"     1.00         50 AXS-54 

-H 
2669 

2465 

Experi- 
mental 

n 
• ■'.■» 

1 1/4"  1.25    50 AXS-54 
-2 

2941 

•        • • •        « »        i • 

"vi 
M 
• 



N-: 

4 

I 

S 

I 

1 

TABL2 5  (b)  - Cont'd 

CARBURIZUD 

Manufacturer   Thickness      Cal.      Spec.    LIalt Brlnell      Remarks 

HALCQ-B              1/4"     .25         50           150        1887 430 

ri-Cr                                                                          1598 430 

1745 400 

:;. C » .14 1856    440 

S: t\l 1868    444 

n.   .   / 

1874 444 | 

1572 430 

1544 430 
► , - 

1830 450 f^ 

1763 444 ■;:■: 

1869 444 

| 1817 460 ^ 

1871 460 

1822 460 :v 

a  r; 1876 460 L^ 

1944 444 

1897       477 :■:■:■! 

1724 477 

1892 555 

1955 555 

1925 555 

1931 555 

2003 555 

2064 556 t 

.■-'.■' 

■A 
■•*!li 
y.x 

^ 

■S 
M 

■•'.■■•.■■v 



TABLE 5 (b)  - Cont'd 

CARBURIZED 

n ranafflcturer    Thickness 

HALC0L3 

(51 
ri-Gr 

1/4"     .25 
(Cont'd) 

SsXt 

30 150 
(Cont.) 

Spec. Ll.nalt 

2243 

2177 

2235 

2203 

Brlnell 

590 

590 

590 

590 

Remerks 

5/lejn   .313       30 150 

%.v. 

u < 

2147 

2224 

2229 

2254 

2238 

2204 

2211 

2196 

2226 

2240 

2168 

2195 

2210 

2234 

2181 

2191 

2179 

590 

1 ••:> 

.v.' 

/ 



• 
\   • 

TABLE 5 (b)  - Cont'd 

CAHBURIZZD vj 

Manufacturer   Thickness      Cal.      Spec.    Limit      Brlnell      Remarks, 

HALCCI.3 3/8"   .375 30 150        2054 444 

Ul-Cr 1968 44-4 

a 

6 

* " /   •'   , 

/ 

«■1 

I»' 

$' 2276 678 
t - -- ^ 

2333 600 W 

2260 578 
<*. 

2007 477 
<_* 

2097 477 - 

2181 522 
/' 

2445 555 

2188 555 
M 

2321 555 ; 

2320 578 L 

2290 578 K'  ■ 

•   • •   • 
-"' •.'• .-■.'"[' 

K r. 



1 r~ 
( TA3LE 5 (b) - Cont 

CARS tmi ZED 

d 

1 I'^inufecturer Tiilckness  Cal.  Soec. Limit Brlnell Remark9 

HALC0L3     3/8» .375   30    150 
(Cont'd)       (Cont.) 

2302 590 - . • 

Nl-Cr 2311 590 £ 
2335 590 1^ 

2353 590 :>: 

2310 590 ^ 

7/16"   .433      cO 150 2367 590 

2379 

2333 

2323 

2343 

2344 

2328 

2384 

2334 

2388 

2330 

2316 

2348 Buttons 

v     .'" 

'•' *•'.*•'> . 

u 

i 
^ 

1/2"  .500          30          150          2572 590 

2606 " 

2531 " 

2496 "                      •>':-■••; 

2531 "                                 K^ 

^ 

/ 



l/v 

\ , 

-A^-^rrrr 

:..: r.uff .'turt*r   ?v.,. r/.: T- >if   .^i-, LI   It rrtnell gf "V. Ife8 _ 

CCS 

C5-3 

C545 

C59r 

C£3r 

% 

a 

i 

1 

1 

I 

",jttcno 

5C         l&O 1375 

2023 

590 

2067 Cracked 

2043 

2008 

2023 

2067 Cracked 

2080 

2041 

1996 

2024 

2037 

5/4"   .75 50        150 2148 

2109 

2070 

2035 

2106 

444 

444 

444 

460 

460 



TAU: ■T 5  (b)   -   Cj.-it'i 

CAT.-'^'Z'.D 

r?inufr»ct';rrr Tlilcknepfl 

J/4"     .75 
Cont'd) 

Cfl. 

50 

S^ec., 

15-0 
(Cent.) 

l'j'A t 

£104 

2076 

HrlnelX       P.^ranrke 

HAL^C: 3 

::i-cr 

444 

444 

2C42 444 

2115 495 

2147 477 

224?. 532 

2156 632 

2318 556 

2222 555 

2193 555 

2260 678 

2167 
1 

444 

2119 444 

2374 600 

2248 600 

2303 600 

2317 600 
1 

2353 
1 

600 

r2io 600 

2253 590         Silvers 
| 

2195 
1 

2248 11 

2243 M 

1 

2214 
1 

M 



TAHLZ 5 (b)  -  Cont'd 

CAK3tT?.:r'D 

L^tLiCllVi1!^ Thlc'r.nrse       C'l.        Sgac, L'.irlt Prlnrll ■^e-T.arke 

:r:-Cr 

öA«     .75         CO           150 
Co.'.t'c)                      (Cont.) 

?076 

r232 

C284 

2273 

2211 

2105 

590 

Silvers 

2149 555 

•      • 



TArLS  :  (c)  - Tabilctlon of _Dp.tP .fron Aberdeen ?.ep.ort_B 

NITRIDSD 

Manufacturer Thickness lOs. Scec. Limit Brlr.el L     Reran r^ 8   , 

2DDYSTC!TE 1/8"  .125 50 31 1296» 

1362» 

418 

477 
3r-Ve 

1236« -»77 
i 

C    - .6 
Or . 1.20 
Va a .28 

5/1G11 .183 50 31 1824» 

185G» 

1571 

1531 

1457 

1518 

477 

477 

477 

461 

.44 

461 

• 
i 

• 

1 

Cracked 

■            j 

n 

1/4"  .25 30 31 1905 

2014 

2014 

1964 

2055» 

2148» 

444 

461 

495 

444 

477 

477 

« 
* 

t 

i 

1 

3/8"  .375 30 31 229 6» 

2432<» 

477 

477 

5 
1 

2454 444 Crnclted 

* "f "o Compoeltlon 



K: 

TASLSJ5J.C). - Cont'd 

r rnnufz-ct'irer Thickness Cnl. Spec. Unit 3r5nell Penprks 

SDDYSTCrg 1/5"   .500 ro 31 2€99» 477 

b Cr- V« 2 CO 5» 

2409 

477 

444 

ft * • 2470 444 

50 ei 1783 444 r 1782 444 

2U4« 477 Broke 
plute 

[m 
iW 

6/8"    .r,?5 50 31 ?357» 

2357* 

444 

444 

Spelled 

■ 

r 3/4"     .75 50 31 2631 477 Spalled 

•So compo- 
eltlon. 

2437 444 ■ 

1"     1.00 50 31 2661 444 Plate 
broke 

r 
2696 466 ■ 

^T^T ~^~7?: 



TABLE 5  (c)  - Cont'd 

'TTRTDED 

"pnufpcturer   Thickness      Cn.1.       Spec. 

LUDLUT 

v 
s 

1/4« 

Lialt  b; '; »11  Heraarlla 
From    Back 

.25 30 150 

Cr-:.:o-Al 

C » .26 
Cr , 1.49 
L:O * .is 
Al • 1.23 

1652 477 

2000 444 

1P.C7    477 

367 

387 

228 

7/16"   .436 150 2370 477 

2446 444 

2476    444 

280 

387 

286 

I  0 

[v 

I 

I 

.% .^. .v.)' A 



] 

TABLE 5  (c) - Cont' d 

NITRIDED 

tfanufftcturer Thickness CalT Soeo. Limit 

WATtÄTOWN 
AKSb'NAL 
EXPERIliENTAL 

1/4" .25 30 AXS-54 
-2 

2160 

2050 

1950 

1660 

2160 

2060 

Brlnell j 
FrontBack    Remarks 

3/8»   .376 30    AXS-64      1975 
-2 

1860 

7/16"   .438        30    AXS-54      2275 
-2 

1/2"     .600 30    AXS-54 
-2 

2360 

2660 

2160 

2276 

I 
Shat- 
tered 

k 
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TABLE 7   (PI- ■AtlC-HTiD MfAirs op SPECIF: .CAT: Ci: AVSRAOES 

HCi-:oc-sr3cus 

Thickness Wel4iteä Lean of •.Telrht 
Hrdllstlc Lir.j 

oöec.   150 -  Calibre  .30 
.t 

.138 3/1 r.» - 1454 3 
1/4"    - .£5 ieoi±is 11 
5/lc"  - .C1Ö 2031+7 10 
3/SH     - 2235+29 18 
7/15"  - .458 2584^4 11 
1/2"     - .500 2710+?3 

Soec.   150 - Calibre  .50 

S 

1/2"    - .500 17ö6t25 1 
5/?«    - .C25 1835t28 1 
3/4»    - .75 2266+5 

Soec.  51 - Calibre .30 

2 

1/6"     - .125 1021t?5 1 
3/16"  - .132 1526+18 1 
1/4"     - .25 1799+31 2 
5/16"  - .515 2128 0 
5/8"    - .375 2279+31 2 
7/16"  - .438 256l£L6 1 
1/2"    - .500 267 7^43 

SDCC.   51 - Cfllbre  .50 

1 

1/2"    - .500 1900+59 .3 
5/8"    - .625 2325" 0 
3/4"    - .75 2539 0 

1"      -1.00 2669tl00 .1 

.188 
Soec.  AXS54-P.ev.   3  - Calibre .50 

3/1G"  - 922+27 0 
1/4"    - .25 1311+65 1 
3/8"    - .575 1770+27 1 
1/2"    - .500 2373151 1 

Soec.   AXS54-Rev.  1 - Calibre .50 
1/2"    -  .500 ~ 1826 

Spec.  AXS54-Rev.   3 - Calibre  .50 
1/2"    -  .500 "        * ^        2719+1       """      "" "        10 

1^ 

.> 

:A;. 

s 



TA3L" 7   fpj    Cont • d 

.UC" ^yy-.-^fe 

■Artx.ff3 '.'/eijited Lean of '.Vei-l-.t 

Spec.  AXS54- Rev?.   ?.   H. X.   etc.   -  Cr-llbre   .30 
1/2" -  .fCC "     ^      2553 "   ^ .2 

Spec.  AX354- Revs.   T.  H.  K.  eto.   -  ^.-ilitre   .50 
5/?." - ..:.?5  '" " 2ir:+3  ™ " ' c 
o/4H  -  .75 ^y^-~^e£&- 2 
7/5" -  .375 $L^5 -500" .1 

I-. 

••••••••• ••• 



TABLE 7  (b)   -  T^TT-HT^D rZAirS C? SFSCrriCATTC:: ATxRASZS 

Tei htec l.een of 
7::lcl .r.ess 

S^e c 

Sf.lllstlc Li- It 

— 

.30 

'"ei.-ht 

- .05 
- .clo 

•'7C 

- .1^8 
- .SCO 

- .500 
- .75   ^ 
-l.CC 

- .125 ' 
- .25 
- .375 
- .500 

- .25 
- .500 
- J.. J^ 

- .25 
- .375 
- .500 

- .cCO " 
-1.00 

- .25 
- .500 

-1.00 
-1.25 

150 -   >llbre . c ^ 
1/4« 
5/1.'!" 
3A" 
7/1-« 
1/S» 

.  S^?". 

SC17+lo0 
2219+r^ 
0034+45 
2347+21 
•: 5ov+CC 

150 - Crllbre t-N 

1 
p 
•1 

1/2« 
3A:" 
1» 

5pec. 

2025+20 
2244+56 
2496+4 

31 -  Crllbre . 30 

lore 

1 
2 
3 

I/o" 
1/4" 
3/3" 
1/?» 

1/4» 
1/2" 
1" 

Saec, 

Sjec. 

1159+5-- 
2035+16 
2371^104 
2^30^37 

31 -  ^Hbre_, 
1175+34 
21S 5+59 
2347+3 

AXS54-Rev.  1 - 

5? 

Cel 

1 
3 
0.2 
0.3 

0.2 

1 

1/4« 
3/S« 
1/2" 

Soec. 

1962+36 
2114+194 
2476£L17 

AXS54-Rev.  T - C6litre .50 

1 
0.1 
0.2 

1/2" 
1" 

Sccc. 

1941+15 
2758+97 

AXS54-?.ev.  2 - Cft3? bre .30 

0.1 
0.1 

1/4» 
1/2" 

Saec. 

1937+4 
2683 

AXS54-Rev.  2 - rjp.ll bre .50 

3 
0 

1" 
1  1/4" 

2936 
2941 

0 
0 

•      • t      • 



7    Cz' .v.t'c 

•3-t:- 

?:-.ic.-: nes C 

5>ec. .^isc 

■£: lllsf.c  L'-.lt .>•-   ht 

4- • Vvs.   ?.   H,   "  - :-^:rc .:: 
J/l- .16.3 "   .'♦ ^ * 

" 

iA" ,_ CP JCIf+f.G — 

5/1.:" . >». ic •-■r.r. - -:• 
3/ ■ " - TCli^A 0 
7/1C" „ *      t* w 

2 
:A" _ C„ J 2C3Ü 
j/lC" -  ■ wOC £700+15 1 

iiec. .-.xs: ̂ , .-pvs.   c'.  H.  K - "-Ti^ro  .'" 
5/-.- _  , Cl-.cro 2 
V-i" -  , 75 251C 0 
1" T 

'-/W £571+102 
1       T    /,- "-I 13 2700 Q 

1     1/4 1       1 ?E r-r.7 ^ 

L^ 



'jSLg 7(c) • —^▼«i»t^7«<    • 
3    w. 

»•^^t* T^T-* 
k /-^ru» ^_ ^ 

,r.lckne;s 
'VeL.-hted Lierii of 
Brllisf.c L'   it ai^b 

-     2C 
Spec.  IcC  -  C» ?'-bre  .^^ 

W°C» h^g        S *' w T_ I   ifa 

1/-" _ .l^C ic?:+-c 
■7   /I   - II _ .183 175CrlCC 
1/4« _ .-ic 

1 *. 1* CC79+5C 
z/r" - .375 2364+69 
1/2" - • SCO 2556pG 

■"        € f.jj 
s- ec. 5" 1 -  Cr.llbre .£0 

i/:- 176c+l 

3 
A, 

4 
o 

2 

100 

Spec  AX354-?.ftv.   2 -  Jrllbre .30 
,25     '       "   ""    2100+50 
.075 1313+60 

7/1S"  -  .438 22757 
2-- 50+1X 

(Too aes^er rT.d''errrtlc to plot 
succeesfully) 

1/4" 
3/?" 

1/2' err 

3 
2 
0 
1 

u 
'•*! 

' •• J 
::-: 
v   •.! 

•      • • •       j 
■ *. -*.\ V*".^ . •  '•] 



1 

0 
r. 

J 

v 

I 

HC::C STTCUS 

C~'JCI3LE 

ThicV:xicse 
Client cr 1 

Com^oeif on               ^ ft-ssed " Brittle 

1/x"     .L5 
5/1 r."  .n: 

7/i:" .-o* 
l/?B     .f-OO 

Saec.  150 - Cnllbre  .JO 
:r-:..o                      o 
:r-:.o                      o 
Cr-Lo                            64 

0 
100 

G7 
33 
£9 

100 
0 

3/4"     .75 
Ssec.   150 - C-litre  .50 

40 GO 

"rv-nt. kvereuje          34 48 

SDCC.  31 - Calibre  .50 

1/4"     .25 Cr-Lo 0 100 

.' 
L- Spec.  AXS54-Rev.  1 - Cal.   .30 
f 
<      ..-. 1/4"     .25 Cr-L:o 0 100 

Grand Aver?.ije 0 100 



?ABLZ -:   (r)    Jont'd 

DT35T0' KO-OgagOÜS - Saec.  150 

Thlclcr.ei 
Ciieulct-l 

Coifl-;otUtlon 1 Fg-ssed Brittle 

Cr.llbrc   ,Z0 
1/4«   .sr Strci  ::t, C 78 22 

!::-cr 100 0 
n-Lo 100 0 
::i-si 0 100 
:TI-VP 0 100 

5/1C  .513 Straight ^ 
v 100 0 

n-cr 100 0 
HI-I.:O 100 0 
::i-si 100 0 
n-va 100 0 

3/8"  .375 Strolcht c 100 0 
n-Cr 100 0 
':i-i:o 100 ■n 

Ü1-S1 100 0 
ri-ve 100 0 
TJI-UI-VE. 0 0 

7/16"   .438 Stra? tilt c 0 0 
::i-or 100 0 
ITl-llo 100 0 
::i-si 100 0 
::i-va 100 0 

1/2"     .500 Streliht c 67 0 
!T1-Cr 100 0 
in-ro 100 0 
i:i-si 100 0 
iri-v& 100 0 
Cr-I.:o-Va 100 0 

Calibre T50 

5/8"   .325 Cr-Lo-Va 

Srcad Averp-öe 

14 71 

81 10 



TA5L~ ö   (a)     »o.it'd 

I 

I 

{, 

Thlcz-nrss 

OlSöTC"                              ? 

Eiestc-l 
Cor.iositi on 

5sec.  il - Cplibr 
Cr-I.o-Ve 

n 
ii 

it 

II 

n 

Scec.  51 - Cfllbr 
:r-::o-vp 

H 

II 

Grrnd Aver?£e 

'or-CE!^:: 

1 Pi-?scd 

e   .50 
CO 
71 

100 
87 

100 
75 

100 
50 

100 

• i- 

" Brittle 

c/lo"   .135 
1/4"     .£5 
■Vlo"   .cl3 
ö/eH     .575 
7/15"   .408 
1/2"     .500 

5/3"     .CC5 
c/4"     .75 
1"       1.00 

0 
13 
0 

13 
0 

25 

0 
50 

0 

83 11 

Ssec. A::S54-?.ev.   1 - Oellbre .39 
3/15"   .138 
i/4"     .25 
5/8"     .375 
1/2"     .500 

Cr-:..o-V£ 
N 
n 
n 

Saec. AXS54-Rev.  1 - 

0 
0 
0 
7 

dellbre ,50 

0 
8 

26 
7 

3/4"     .75 
1"      1.00 

Cr-'.o-Va 
n 

5rp.nü Aversge 

0 
0 

100 
100 

1 40 

Soec. AXS54-Rev.   2 - (Jpllbre ^ 
1/4«     .25 Cr-Lo-Va 0 100 
•?/£"     .575 " 0 100 
1/2"     .500 " 50 50 

(Jrand Avert ge 17 83 

5sec. AXS54-Revs.  H & K -  rt-libre .50 
5/8"     .625              Cr-uo-Va                     (0 /50 

100 v  0 
ö/4w     .75                      "                                100 0 
7/3"     .375                    "                                100 0 

i»»". 

^rrnd Averc je 75 13 



7A2I^ ft  (.-Q     Cont'd 

ZODYSTC:--: '        HX^SSSCUS 

Chenlcal 
Tialckness Conposit' on ;1 Pacsed ^ 3rltt',e 

Spec.  150 -  Cr.llbre  .30 

3/16«  .1S3 Cr-Vs 0 0 

^egj   51 -  laltbre .30 

3/10"   .138                Cr-Vo-Ve IOC « 

1/4«     .25                        " ^ ^ 

3/8«     .575                       " 44 56 

1/2-     .5C0                       " 100 0 

j-rend Average 76 •i- 

■*     ■"-■•. 



3 

\ 

V 

•2 
» ■ 

t. Cneu-'-oel 
T'-.tc/.nrsg Comco^'tlon 1 Pr.esed ^ Brittle 

Spec.  150 -  Crltbre  .50 

3/?"     .c75 - 100 0 

5^ec. 130 - Cclibre  .ZO 

7/6"     .£75 - 0 100 
1"       1.00 - 55 0 

SHUTD kTZK\Or~ 44 55 

} 
f 

J 

t 
^ Spec.  3?. - Calibre  .50 

> 1/4«     .S5 - 67 35 
J;- 3/0"     .575 - 0 100 

| Spec. 31 - Calibre  .50 

3/4"     .75 - 0 100 
1"       1.00 - 100 0 

j     V"/                                                         C-RAirj AVSRACH 42                      58 
>.' , . 

Spec. AXS54-Rev. 1 . Cpllbre  .30 

1/4"     .25                       - 67                       53 
5/8"     .375                     - 0                     100 

Spec. AXS54-Rev. 1 - Calibre  .FQ 

3/4"     .75                       - 0                     100 
1"       l.CC                        - 100                         0 

3RAi:D AVERAS2 42 58 



TA5LS 8  (b)     Cont'd 

CAUCIBLS CARrURIZ^D -  Soec.  150 

■> Cberalcal 
B Tl--!ckr.sg£ Comoosltion ^ Passed ^ Brittle 

v' Cf.llbre  .30 

;-y o/8"     .c75 Cr-:;o-v:-51 C 100 

I 

a • 
V' 

k 

ri-Sl-3r-:..o-.7 100 0 

Co-Cr-I.o-Sl-Va-w 0 100 

Co-Cr-Lo-Sl 0 100 

Oallbre  .50 

3/4"     .75 Cr-Lo 77 

Grr^nd Averaae        35 60 



i 

I 

I 

i t;V 

TA3I.T :   (b) ZonVz. 

DIE30LD 

Spec. AXS54-Revs. 

SAKBUHIZED 

Till ck »ess 
Chetuicol 

Co^cosltlon 

Calibre  .30 

■1 Pasfied 

100 

4 Brittle 

.r.b 1/4" - 0 

5/1G" - 100 0 

Ö/8" .075 - 100 0 

7/16« .436 - 100 0 

1/2" .500 

Calltre  .50 

100 0 

9/13" .563 - 100 0 

5/8" .625 - 100 0 

3/4" .75 - 100 0 

1«       3 ..00 - 100 0 

(JRAI:D AVERAGE 100 0 

i 



TA5LS g  (b)     Cont'd 

DISSTO:: ^A^auizzso 

Chemical 
Thlcknesg Comr-osltion ^ passed t Brittle 

Spec.  150 -  Calibre  .30 
1/2"     .500 Cr-Lo-Va    ' 12 88 

Spec.  31 - Cfllijre  .30 
Cr-l.o-Va ~~"''"""~  0 33 

" 41 16 
" 85 5 
" 73 19 

1/3" .125 
1/4" .25 
3/8" .375 
1/2" .500 

(Jrwid Averpfce      50 18 

Spec.  AXS54-Rev. 1 - Crllbre   .30 
1/4"    .25        "    Cr-ro-Va                        18   * 14 
5/8"     .375                      "                                 17 8 
1/2"     .500                     "                                45 0 

Srend Averp^e      27 

S-aec.  AX3S4-Rev. 2 - Crllbre  .30 
1/4"    .25       "    Cr-lo-Ve 100      "                0 
1/2"     .500                     " 100                        0 

Scec. AXS54-Rev. 2 - Calibre   .50 
1"      1.00              Cr-lo-Va. 100                      0 

Grand Average 100 0 

Spec. AXS54-Rev8.  F.  H. i K.   Cal. .?(? lA" 
3/8" 

.25 

.375 

Spec. 
1.00 

Cr-ro-Va 
N 

AXS54-Revs.  P.  H. 

100 
100 

4 K.   Cal. ,5a 

0 
0 

1" Cr-Io-Va 

Crand Average 

100 0 

100 0 



TABLE 3.  (b)    Cont'd 

SAT._C!0 3 CARB'P.TZED 

Chemical 

-  Spec. l.c0 

Thlcknese Ponposltlon Pessed < Brittle 

Cfllbre  .30 

1A" .C5 ::i.-cr 89 0 

5/13 ^ .."13 N IOC 0 

3/3" .375 11 52 0 

7/15" .438 M 92 a 

i/£« .500 n 

Jallbre  .50 

92 e 

5/4» .75 :i-Cr 

Srand Average 

55 6 

SO 4 

rv 



i 

i 

i ■• 

TA3LZ 5  (c)  -  5.\lLr3TIC ZTTZ'Z^Z': OF "TTRIPS:) PLATZ 

Ciieiälcal 
Tliioici-iess Joniwoa't.jon ~ Phased ^ brittle 

LUDLV:: -  Sjec.  IF: ~ C&libre   .cO 
l/-:"     .£5 Cr-Lo-.U        ""  '        ^3 0 
7/K"   .453 •< 100 0 

Grrpnd Avprp-^e      67 

SPDYSTCTS - S:ec.  öl - :;llbre .50 
1/3"    .125             Cr-Ve "                         0 0 
2/1C"   .133             Cr-Vf. ZZ 50 
l/l"    .25                   ■ ICO 0 
ö/Bn     .075                  " 67 53 
1/2"    .ZOO                 " 100 0 

gDDYoTO^ - 5jec.  51 -  Crlibre .50 
5/2"    .:25             Cr-Va 0 100 
3/4"     .75                     ,, 0 100 
1"      1.00                    H 0 100 

Grand Average    33 48 

WATgRTOX! AÄSSrAL EXPERILliH^AL 

Spec.  AXS54-Rev.  2 - gclibre  .30 
1/4"    .25    ~                           - "              83    ' 17 
3/3"     .375                                                       50 0 
7/13"   .453                                                     100 0 
1/2"     .500                                                       75 0 

5rend Averese   77 



. .-V_ L. - 

.c -•- .UU£   A.""^ -C ~ -.- 
57r'*'?T ^ **.r^*        -. 

... 

,cj/.40 

: Spec .•^s-s-i, ?.f»V. 2 :   Spec. AXS-c4, •^v. t 

-IV6 S C 

.OI5---47 (^ :  ?.ev. •^  ▼   * l/U/i C 

:  As H died nert Tref t.sd :  As  nc 1\av_ rVrt Tr^tei 
"hie. :Hrrc. 3.     i_. 

3P1 

3.  —. :  "re. 

:    157 1:53 

.-. rr, —         » 
Z.    i.. 

./c" :   1-57 1431 172-: 321 2130 

1/4" .25 :  195 1113 30C 1193 :     136 1508 302 1755 
0/=" . w f.' : re 1437 266 ".£37 :    183 1914 266 2274 
1/2" .500 :  179 1837 269 2144 :    179 2157 269 2433 

5/6« .525 !  187 1408 269 1590 •     137 1839 269 2067 
0/41« .75 ;   179 1592 262 1762 :    179 1965 262 2190 
7/6" .675 !  137 1851 311 2061 :    187 2110 311 2407 
1"    ] ..00 5   196 2032 286 2281 :    196 2276 286 2546 

1/4" .25 361 1186 351 169P 
s/a« .376 351 1769 351 2146 
1/2" .500 | 364 2424 364 2567 

5/5» .625 • 351 1622 361 2072 
3/4" .75    ; 351 1965 351 2304 
7/8" .875 ; 351 2093  , 351 2502 
1"    1 .00   : 364 2446  , 364 2737 

.25   : 
Calibre  .30 12922 - • A.P. 

1508 1/4" 1113 1193  . 1765       \ 

3/8" .375 : 
,1431 
(1497 

,1720  ! 
41837 ! 

,1833 
^1914 

,2130 
12274 

1/2" .500 : 1837 2144  ; 2157 2433 

.626 : 
Calibre  .50 HI - A. P. 

1839 5/e» 1408 1590  : 2067       ! 
3/4" .75   : 1592 1762  : 1965 2190 
7/8» .675 : 1851 2031 : 2110 2407 
1"    1 .00   : 2032 2281 : 2276 2546 



TABL2 10  (a) 

S 
CHELJCAL CCITOSITIO!: ATTD DRATT ThT.TERATURE 

vs 
 DRAi? TgTSHATURE  

FOR DISSTO!! HCi:C^!SOUS 1/4"  PLATE 

Spec. 150 - Calibre  ,30 - 150 train bullet, 73 grain core. 

I 

j. 

Chemical 
Composition 

Carbon 

Nl 

Nl 

III- 

L'o 

Va 

Cr 

Ballistic 
Heat Treatment Limit 

Quench. IA : Draw f. a. 
oP " 

H?0 

oF 

1450 495 1300 
650 1391 

a 710 1837 
• 790 1760 
• 900 1764 
R 1000 1726 
II 1090 1644 
a 1245 1510 

1500 Oil 495 1125 
■ 650 1774 
a 710 1831 
a 790 1824 
a 900 1855 
a 1000 1871 
a 1090 1798 
a 1245 1741 

1500 Oil 496 1660 ■ 650 1661 
■ 710 1842 
a 790 1818 a 900 1735 
a 1000 1691 
a 1055 1748 a 1245 1686 

1500 Oil 495 1565 
> 650 1534 a 710 1556 a 790 1844 a 900 1787 
a 1000 1772 
a 1095 1766 a 1245 1705 



I *'• 

TABLE 10   (a)    Cont • d 

FOR DISaTC:: HO-^gSTgCÜS 1/4^ PLATE 

Heat Treatment Ballistic 
Chenj cal ftaench Tn Draw Licit 

3oapQsltlon or oF f. s. 

n-si 1475 Cll 495 124B 
650 1288 
710 1286 
790 1451 
900 1595 

1C00 1519 
1036 1771 

n 1£4£ 1736 



c 

i 

CKZ: -Trt • • DRAT? r^-PiHATURS 
vs ■■ 

.  : . DHAM T-rjiSATVr.S ■■ 

•• ?GH D! SSTC:: HC: p^srsc: '3 5/=« PLAT2 •_ 

Spec.  ICC - Calibre  .CO -  15C  Sir-in bullet, 73  "rrrln core. 

Heat Treetaent Ballistic 
Cheailct-.l *aench In Draw Llzlt 

Composition 
Ccroon 

op or 

510 
'.    9. '. 

1455 HoO C255 r n e4C r243 
n 740 22C? 
H 6^5 2304 V 
II 925 2194 '.■ 

1 995 2100 ^ 
n 1105 2134 ■ 1210 2097 

::I-LO 1505 Oil 510 2151 
• 640 

740 
2146 
2267 *- 

i 835 2371 » 
• 925 2381 . 
• 935 2355 
• 1105 2370 

/ 

• 1210 2236 

Nl-Va 1505 Oil 510 2372 
R 640 2379 m 

* 740 2360 ■ 835 2252 '  % 
• • 

926 2167 :> 
-.! ., 1 995 2216 
• ~ 1105 2102 *? ■ 1210 2104 

S. • 

ITl-Cr 1510 Oil 510 2088 
...* 
«.'* ■ •* 

640 2091 
R R 740 2164 

• ■ 

1 R 835 2337 •-»; 
R R 925 2240 
R R 995 2260 '.■. 

R R 1105 2162 .-'.■ 

R R 1210 2144 

::i-si 1460 Oil 510 2342 
R R 640 2047 
R R 740 2078 v' * 

,•. R R 835 2156 "V 
R 

R 
m 

R 

R 
925 
995 

2143 
2272 

V.         * 

R 1105 2228 *p 

•              • •      •      t • •        • 

R 

• 

1210 

•      •      i 

2174 

i        •        •        • t 



TABLE  10  (c) 
CHSLI:AL GQIJCS:T:::: AI:D DRAW TE-.-PERATURE 

vs 
 DRAW TE:. PZRATURS  

FOR DlaSTOi: HCi.iOGSI^CUS 1/2" PLATE 

Spec.  150 - Calibre  .00 - 150 ^reln bullet,  73 grain core. 

<.' • 

11. 

t 

Eeat Treatment Ballistic 
Ciie.nlcnl Quencn In Draw Limit 

Composition 
14 60 

f. s. 
Carbon H^O 495 2675 

630 2697 
755 2688 
645 2504 
940 2684 

1030 2526 
1125 2364 
1220 2357 

::i-::o 1510 on 495 2717 
630 2827 
755 2931 
845 2858 
940 2673 

1030 2684 
1125 2717 
1220 2657 

I.'l-Va 1515 Oil 495 2746 
630 2709 
755 2737 
845 2557 
940 2549 

1030 2561 
1125 2550 
1220 2491 

Nl-Cr 1510 Oil 495 2744 
630 2744 
755 2734 
845 2690 
940 2625 

1030 2593 
1125 2564 
1220 2449 

i:i-5i 1485 Oil 495 2742 
630 2791 
755 2833 
845 2837 
940 2774 

1030 2696 
1125 2569 
1220 2528 
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